Abstract. The Sunda Strait is located in the transitional
INTRODUCTION
The Cenozoic collision between the Indian continent and the Eurasian plate produced the displacement of several blocks or plates eastward or southeastward [Molnar and Tapponnier, 1975; Tapponnier et al., 1982] which must be studied in order to resolve the geodynamics of the Indonesian region. The displacement of such a block along the Semangko fault was proposed by several authors [e.g., Huchon and Le Pichon, 1984; Deplus, 1987] in order to explain the origin of the trench junction in front of the Sunda Strait. Consequently, the Sunda Strait, which is also historically famous due to the presence of the Krakatau volcano, is a key area to understanding the geodynamic evolution of western Indonesia.
The tectonic evolution of the western part of Indonesia is often related to a clockwise rotation of Sumatra by 20 ø relative to Java with an axis of rotation lying close to the Sunda Strait during Late Cenozoic time [Ninkovich, 1976] . The opening of the Sunda strait would then be related to that rotation [e.g., Zen, 1983] . Other authors as Huchon and Le Pichon [1984] proposed that the Sunda Strait is an extensional area which results from the northwestward displacement of the southern block of Sumatra along the Semangko fault system as a consequence of oblique subduction in front of Sumatra. Until recently, very few geological and geophysical data were available in this area. A joint French-Indonesian study of geology and geophysics was carried out from June 1983 to February 1985 in order to collect marine and field data in and around the Sunda Strait. Marine geophysical data were intensively recorded during CORINDON IX and GEOIN-
DON I cruises of R/V Coriolis (in 1983 and in 1984) and during KRAKATAU cruise of R/V Jean Charcot (in 1985)
. Furthermore, fieldwork including neotectonic studies and a microearthquake survey was conducted all around the Sunda Strait. In this paper, we present the results of the microearthquake survey.
If we consider the seismicity of the Sunda Strait area in the context of the worldwide network, the hypocenter locations are poorly constrained, especially for shallow earthquakes, because the nearest station which could control the focal depth is located about 125 km from the strait. Moreover, no focal mechanism was available in the Sunda Strait.
So, we carried out the survey in the summer of 1984 in order to constrain the shallow seismicity in the Sunda Strait area, and to better define the seismologically active tectonic features and their possible extension in the Sunda Strait. Furthermore, our goal was to check if the only active volcano in that area, Krakatau, presented some seismicity of tectonic origin and in such case to determine the relationship between the possible tectonic seismicity beneath or close to the Krakatau complex and the tectonic features of the Sunda Strait.
TECTONIC SETTING
Figures 1 and 2 show the geodynamic pattern and the geological setting of the area. The main structural features are the Java and Sumatra trench system, the Semangko fault system, and the volcanic line going from Panaitan island to Sukadana through the Krakatau complex, Sebesi, Sebuku and Rajabasa.
Java-Sumatra Trench System
The Indian-Australian plate underthrusts the Eurasian plate northward beneath the Java and Sumatra islands along the Java-Sumatra trenches. Hamilton [1979] assumed that the fault continues southward and intersects the trench, while Huchon and Le Pichon [1984] proposed that the fault ends in the Sunda Strait as a graben. Indeed, there is no field indication that the fault extends to West Java [Nishimura et al., 1986] . However, the interpretation of gravity data from West Java indicates some trends nearly parallel to the trend of the Semangko fault [Untung and Sato, 1978] . Evidence of a NW-SE right lateral fault was recently observed during geological fieldwork in the western part of West Java (S. Pramumijoyo and M. S6brier, personal communication, 1988). So, the question of the exact location of the active Semangko fault system is still open and can be addressed with the use of seismological data.
The Semangko fault system is also considered as the limit between the Eurasian plate and the so-called Sumatra sliver plate or forearc plate to the south [Jarrard, 1986] . In that case the Sunda Strait area would be located just to the north of a triple junction between the Indian plate, the Eurasian plate, and the Sumatra sliver plate. Furthermore, as the Sumatra sliver plate moves northwestward, the Sunda Strait area would act as a trailing edge and should present extensional structural patterns [Huchon and Le Pichon, 1984; Jarrard, 1986] . 
Hypocenter Determination
The arrival times were read using a magnifying lens and the estimated errors are of 0.1 s for the P waves and 0.5 s for the S waves. We also estimated the total amount of error on times less than twice these values especially due to the small drift of the clocks. Hypocenters were located using the Hypoinverse routine of Klein [1978] . . In the present study we estimated the Vp/Vs ratio by plotting various P and S arrival times for several pairs of stations. Sixtyfive events with at least four S readings and distributed over the entire studied area were used to estimate the Vp/Vs ratio using a least squares method. The resulting value of 1.72 _+ 0.01 was adopted for all other hypocenter determinations.
Crustal structure. A flat layered model was adopted for hypocenter determinations. Two seismic refraction lines were shot in the Sunda Strait during the CORINDON IX cruise [Larue, 1983] . Their locations is shown on Figure 2 . Interpretation of these profiles, according to Fatwan [1983] , is given in Table 1 . The maximum penetration was not larger than 7 km, thus we do not have any information on the lower crust velocity structure. Therefore, the lower crust and the upper mantle velocities and the depth of the deep interfaces must be deduced from the results of tests. These tests were performed using an initial crustal model for which the depths of interfaces and the velocities were subsequently varied. We located a selected set of events (35 events a priori located inside the network) with a large number of crustal models. We then selected the most appropriate models using the mean rms [Hatzfeld et al., 1986; Kiratzi et al., 1986] . Of course the preferred crustal model strongly depends on the Upper crustal model deduced from refraction data [after Fatwan, 1983 We then varied the Moho depth and the upper mantle velocities, the lower crust velocity and the deeper crustal interface. Results (Figures 5a and 5b) show that the best upper mantle velocity is 7.8 km/s and the one of the lower crust is 6.8 km/s. This last value is coherent with the refrac- following section we will discuss the displacements of the locations according to the crustal velocity structure and to the various classes of accuracy. Earthquake locations. We classified our hypocenters as A, B, and C depending on the criteria of statistical error and station distribution (including the number of phases used during determinations). Several tests made with 10 selected events and our average crustal model were performed in order to define our classification. We chose 10 events located inside the Krakatau complex, in the middle of the network, since the depths of these events are well controlled by the KRK station. These 10 events were first located using different sets of P arrival times (associated with S or not). In order to get an idea of the accuracy of poorly recorded events (for example, outside the network), we also relocated our test events using only readings from several limited sets of stations, for example the Sumatra stations and CIL but excluding KRK.
Results of these various tests showed that for events occuring inside the network and located using at least seven P arrival times with a distribution of stations in the four quadrants, we still got a good result, that is, the hypocenters were not shifted more than 2 kin. Using six P arrival times only, the epicenters were as close as 1 km to those determined using seven arrival times but the error on the depth (ERZ) was larger (about 5 kin). For events located outside the network, we had to introduce at least one S arrival time in order to obtain an acceptable accuracy (about 5 kin) on the depth. According to these results, we defined our classifications of A, B, and C events as follows. A events are those determined using at least eight phases including at least one S arrival time, with arms less than 0.3 s, recorded by stations in at least three quadrants with at least one station with an epicentral distance (D rain) less than 2 times the focal depth (2Z), and horizontal (ERH) and vertical (ERZ) error less than 5 km. B events were located using at least six phases including at least one S arrival time if outside of the network, with rms less than 0.4 s and recorded in at least two quadrants with D min less than 3Z, and ERH and ERZ less than 10 km. C class events correspond to those located using a minimum of six phases not necessarily with S, arms less than 0.5 s, with ERH and ERZ less than 15 kin. With this classification we retained only 174 shallow earthquakes among the 300 local ones recorded (Figures 4, 6 and 7) . Finally, as mentioned above, in order to quantify the quality of the locations, we investigated the displacements of the hypocenters when changing the crustal structure. For that purpose we relocated a set of randomly chosen events from classes A and B using several crustal models. The northwestern flank of the graben is also underlined by a shallow seismicity that prolongates the trace of the Semangko fault zone (Figure 6 ). This confirms that the Semangko fault system does not cross the Sunda Strait towards Java but seems to end in the graben, as inferred by Huchon and Le Pichon [1984] . It is also noteworthy that we did not record crustal earthquakes either on Sumatra, except on the Semangko fault, or on Java. This confirms the seismicity pattern deduced from the worldwide data (Figure 3) .
We discuss now the various clusters of shallow earthquakes, occuring at depths between 0 and 20 km, since we are mainly interested in the crustal seismicity.
Krakatau Cluster
Most of the events which are located beneath the Krakatau complex have been classified as A events. Figure 7 shows that the seismicity is mainly concentrated inside the Krakatau complex.
A question arises whether the events beneath this active volcano were of volcanic or tectonic origin. Earthquakes associated with a volcanic origin such as magma movements normaly have low frequencies as compared to tectonic ones. Note however that volcanic events might have an appearance of tectonic earthquakes [Minikami, 1974] . However, there is commonly evidence that the volcanic earthquakes (tremors) are not generated by a double couple [Shimizu et al., 1987] as are the tectonic ones. Concerning our data, we believe that the events beneath the Krakatau complex are of tectonic origin since they clearly showed high frequencies and all stations around the strait recorded both up and down first motions.
These earthquakes show a tight vertical distribution. Vertical cross sections from several azimuths show that they form a narrow column (Figure 8) . If we consider their distribution as a function of depth, it appears that the earthquakes are concentrated between 2 and 9 km with a higher concentration in the 5-9 km range. The earthquakes are less frequent for depths greater than 10 kin. The local magnitudes (magnitude duration, ML) were generally between 2.0 and 3.0. Some earthquakes located at a depth between 3 km and 8 km show magnitudes larger than 3.0; one shock even had a magnitude of 4.4. 
Individual focal mechanisms of these events generally
show an extensional pattern (Figures 8 and A1 ). However, if we consider the focal mechanisms as a function of depth, there is an apparent systematic change, from compression to extensional mechanism.
1. For depths between 0-4 km, there are only two solutions of focal mechanisms, wich both show a strike-slip with reverse components (Figure 9a) .
2. Between 4 and 6 km depth, the fault plane solutions of three earthquakes (Figure 9b) show that the mechanisms are mostly controlled by extension but with some strike slip components.
3.For depths greater than 6 km, the extensional pattern seems to dominate (Figures 9c and 9d) . Some earthquakes show nearly pure dip-slip. It is noteworthy that these events are located close to the flanks of the caldera (e.g., events 2, 6, 10 or 12 on Figure 9c ). Thus we propose that these earthquakes correspond to displacement along faults controlled by the deep geometry of the calderas. Two events (4 and 9) in this cluster are slightly different and show solutions of lateral slip movements. Table 3 ) and that compression dominates in the uppermost part of the crust. agrees with bathymetric data. Although very poorly constrained (see Figure A1 ), mechanism 18 yields P and T axis close to the previous ones. The fourth solution, 19, gives rise to two possible interpretations as shown on Figure A1 . One solution gives a T axis NW-SE and the other one is SW-NE direction. Since, as shown on Figure 13 , the T axis for the graben cluster are compatible with the stress tensor determined from data of the Krakatau cluster, we can assume that the events of the graben are controlled by the same stress pattern as the ones of the Krakatau cluster. In order to discriminate the two fault plane solutions, we tested both using our tensor. One solution (shown on Figure 12 ) appeared to be compatible with this tensor, therefore we kept it (see Table 3 
